N THE semiarid regions of the south western United States, local, unconfined aquifers of limited extent are important sources of domestic and stock water for ranchers. Recharge of many of these aquifers results from absorption of surface runoff by coarse-texhired alluvium in ephemeral stream beds. These aquifers may be grouped into two classes: the perched and the alluvial pocket aquifer. The perched aquifer has vertical occlusion from the regional water table. The alluvial poc ket aquifer is found overlying the un dulating surface of an igneous mass, and is occluded both vertically and horizontally from the regional water table. This paper discusses a local aquifer of the latter type located on the Walnut Culch Experimental Watershed at Tombstone, Ariz.
The 58-square-mile experimental area is drained by Walnut Gulch, an ephem eral stream entering the San Pedro River at Fairbank, Ariz. (Fig. 1) . The area is representative of mixed brushgrass rangelands of southeastern Arizonia and southwestern New Mexico.
Altitudes above mean sea level range from 4,200 ft at the lowest gaging sta tion to 6,000 ft at the upper end. Nearly all of the streamflow occurs be tween July and early October, and re sults from intense, convective thunder storms. During an average year, five to ten flows pass most of the gaging sta tions. However, the flows usually tra verse dry channel beds, where they are often completely absorbed (1)°.
Regional Ground Water
Contours of the regional groundwater level under the experimental area and its immediate vicinity were con structed from measurements made over a period of several months in existing wells (Fig. 2) . Positions of the meas ured wells are shown in the figure. Erratic spacing of the wells made ex trapolation of the contours necessary.
As shown by these contours, gradients of the ground-water level vary from 2.5 percent at the upper end of the water shed to less than 1 percent near the San Pedro River, thus indicating a gen eral movement of ground water to ward the river. Approximate water levels of local aquifers, as determined from measurements in two wells, are also given in Fig. 2 . Although these wells are but 1,500 ft apart, they are situated adjacent to different channels and are separated by a geological bar rier. In the early days of the city of Tombstone (about 1880), one of these wells served as the primary source of water for a population of several thou sand people.
Geological Description of Local Aquifer
A series of alluvium-filled troughs lying on an undulating granodiorite plug characterizes the local aquifer un der discussion. The aquifer occupies an area on both sides of the channel for a distance of about 3,000 ft upstream from runoff-measuring flume No. 2, which is founded on the granodiorite (Fig. 3) . As one trough fills, water spills into the next lower one. Thus, depending upon the interval of times between flows, the water surface of the aquifer is continuous or discontinuous.
The area has two distinct materials: the Tertiary Schieffelin Granodiorite (2) and the overlying alluvium. The alluvium includes fine-grained sand and silt, a limey conglomerate, and the coarse sands and gravels of the channel bed.
Tertiary Schieffelin Granodiorite.
Outcrops of the Schieffelin Granodiorite in this area form a series of hills. A pro nounced characteristic of these hills, accentuating the subdued topography of rises and troughs (Fig. 4) , is a cov ering of rounded boulders. Owing to the ease with which this rock weathers to a sand, the exposed surface of these boulders is very friable.
Alluvium overlying the granodiorite -conglomerate. Conglomerate overlies the granodiorite with unconformable contacts. In the area under discussion, the unconformity may be observed along the banks of Walnut Gulch. The most distinctive outcrops of conglom erate occur along the stream channel, although nowhere in this reach has a complete section been observed. Away from the channel, the surface is char acterized by cobble-strewn boulders. Owing to the undulating topography of Fine-grained sand and silt. This ma terial lies in troughs of the granodiorite where the local aquifer occurs (Fig. 3) . Soil development on it is deeper than that on other parent materials of the area. Where these fine materials are traversed by a stream channel, the banks have steep faces, and lateral erosion of the banks is rapid. This ero sion occurs principally during and im mediately after a flow in the channel; the flow undercuts the bank, and the overhanging bank falls into the channel bed.
Channel sand and gravel. Depth of sand and gravel deposits in this reach of channel varies from 6 to 30 ft. Me chanical analysis of samples from this bed material revealed a wide range of particle sizes. Twenty-seven percent by weight was retained on a No. 4 sieve (4.7 inm); 94 percent on a No. 100 sieve (0.146 mm). Plotted on logarithmetic probability paper, these sieve-analysis data fell on a straight line, indicating a close approximation to a log-normal distribution of particle size. Geometric mean grain size, de duced graphically, was 2.7 mm. The geometric standard deviation of ±6.86 mm indicates a wide range in particle size.
Vegetation
Areas underlain by local aquifers are characterized by a cover of more mesic vegetation than that of the upland ( showing (Fig. 6) . The contours for July 17 represent the condition after 309 days without sur face runoff; those for September 5 show the condition after the summer runoff season, the latest flow of which oc curred the preceding day. The July contours indicate that, ex cept for a small depression in the sub tending granodiorite, the water table had disappeared from the upper part of the area. Green leaves on the mes quite, however, contrasted with the still dormant condition of adjacent up land vegetation, showed that soil mois ture was still available even here. In the area nearer the flume, the water table still persisted, and the contours indicate a hydraulic gradient and a con sequent movement of water across two submerged granodiorite barriers (Figs.  3 and 4) . Some water, also, may be leaking through fractures in the under lying granodiorite.
After a series of flows in the channel, as illustrated by the September con tours, the water table reaches the chan nel surface in many places, and the gradient coincides with that of the channel. This condition results in the mounding of the water table immedi ately below the channel, which is typical of an influent stream. Piezometer meas urements show that this is followed by gradual change to a condition in which the level is higher in the adjacent banks than it is in the channel. Two factors probably contribute to this change: (a) because of lower permea bility of the bank materials, water movement down the gradient is less rapid than it is in the coarse-textured channel fill; and (b) since the water level is nearer the ground surface in the channel, direct evaporation is higher.
Subsurface inflow to natural lysimeter. A natural Iysimeter supporting a cover of mesquite is formed by the deepest of the troughs in the granodio rite which underlies the channel (Fig.  4) . Located in this trough is a dug well-Clyne's well (Fig. 3 and 4) , from which continuous water-level rec ords have been taken since 1954. The high permeability characteristic of the aquifer produces a rapid rise in the water level in this well following a sur face flow event (Fig. 7) . The rise con tinues at a diminishing rate after the surface event has stopped. This would indicate that subsurface flow into the Clyne well is occurring.
To determine this subsurface flow, two parallel rows of trough holes were drilled at right angles to the channel. These rows of holes are approximately 300 ft apart in the direction of flow. The hydraulic gradient between the two rows of holes was determined, and the cross sectional area at the down stream line of holes was computed. Subsurface flow was computed by means means of Darcy's equation:
where Q is discharge, gallons per day P is permeability, gallons per day per square foot / is hydraulic gradient, feet per foot A is cross sectional area, square feet
Determination of a permeability co efficient for this calculation presented difficulty. Because of boundary condi tions and variability of particle size, pump tests were impracticable. Fermeameter tests of the channel surface material were run with a soil test ap paratus, and coefficients ranging from 200 to 3,000 gal per day per square foot were obtained, a variation prob ably attributable to extremely wide variations in the channel materials. Comparison of data on particle-size dis tribution in the material encountered in these tests with data presented by Wenzel and Fishel (3), who compare parti cle-size distribution with associated permeability, indicated that permeabil ity coefficients ranging from 3,000 to 4,000 gal per day per square foot might-be expected. One of the four tests gave a coefficient of 2,000 gal per day per square foot; another, one of 3,000 gal per day per square foot.
The permeability coefficient for the finer-grained material adjacent to the channel was estimated through consid eration of an unusual event that oc curred in August 1961 at the Clyne well. Local runoff from an intense thun derstorm entered this dug well and raised the water level 5.2 ft in 25 min utes. From the time required for reces sion of this rise, permeability was com puted by two different methods: the auger-hole method of Ernst (4) day. Thus it is seen that subsurface flow provides a significant amount of re charge to the pocket in which the Clyne well is located, and must be con sidered in a water balance for the lysimeter.
Subsurface outflow from the natural Fig. 9 .
Drawdown, totaling 0.08 ft, began about 7:00 a.m., with the onset of heavy transpiration, and continued un til about 7:00 p.m. The slight recovery between 3:00 and 6:00 p.m., June 2, corresponded with observed scattered clouds. This cloud cover can also be seen from the air temperature drop during the corresponding period. Re covery of 0.04 ft in the water level is attributed to water movement from, sur rounding areas in the aquifer, where the mesquite cover is not so dense as it is immediately adjacent to the "well. axis contributes to the storage in these aquifers. This explains the prolonged period of increasing water levels ob served for several days following a surface runoff event.
Continuation and expansion of this phase of watershed research in the Southwest is expected to lead to bet ter assessment of both the hydrologic and economic significance of small local aquifers, possibilities for increasing their storage for local beneficial water use, and their relationship to potential water yields for downstream use.
